The way in which the Root Mean Square of the Successive Differences between adjacent RR intervals (RMSSD) recovers immediately after exercise could be a good indicator of internal training load (ITL). The aim of this study is to design a recovery index based on RMSSD. Forteen healthy men took part in this study. The experiment lasted 2 weeks, with 4 separate (48 -72 h) sessions. First session was an incremental treadmill test to determine ventilatory thresholds (VT1 and VT2) and maximal aerobic speed (MAS). Each subject ran at VT1 speed (second day), VT2 speed (third day) and a time-to-exhaustion test at MAS (fourth day). The duration of VT1 and VT2 loads was selected in such a way that the product intensity-duration (training load) was the same. HRV was measured from 10' prior to test (Rest) to 30' after completed (Recovery). Recovery slopes were calculated from RMSSD values at 10 and 30 minutes. Borg scale was recorded at the end of every test and the Training Impulse (TRIMP) values were calculated using Banister equations. The RMSSD values dropped substantially regardless of the intensity and the duration of exercise (average 4 ms). The RMSSD recovery was linear during the 30 min and different depending on the intensity of exercise. To propose a recovery index, we calculated the slope of RMSDD over the 30 minutes (slope-30) and also the first 10 minutes (slope-10). Given that the slopes presented an exponential behavior in relation with effort intensity, three curves were obtained (average values, plus SD and minus SD) defining a nomogram. For practical application, we propose: 1) to measure RMSSD the last 5 minutes of exercise and any period of 5 minutes during the first 30 minutes recovery; 2) to calculate the slope of RMSSD between exercise and recovery; 3) to compare with the nomogram.
Introduction
There is a great deal of interest in controlling training load (TL) in athletes [1] , distinguishing between the load administered or external training load (ETL) and the way in which each subject assimilates and responds to the administrated load, which is known as internal training load (ITL) [2] . Given that heart rate variability (HRV) [3] is a non-invasive tool capable of evaluating sympathetic and parasympathetic modulation [4] [5] , it has been proposed as a valid method to evaluate individual response to a given work load and, therefore, training load [6] [7] . To evaluate the specific response of the sympathetic-parasympathetic equilibrium to a specific work load, it is reasonable to think that HRV will fundamentally evaluate ITL, particularly if the object of analysis is the reactivation of the parasympathetic system after exercise [8] .
However, there are still discrepancies and some conflicting results that prevent clear conclusions from being reached that could be applied simply and directly to the control of training load. In fact, the most recent meta-analysis that analyzes the relationship between measures of ITL and ETL [2] does not include any measure of HRV, and almost all studies that have examined ITL use a rating of perceived exertion of the training session (sRPE and its different variants) [9] or Training Impulse (TRIMP) [10] .
Most HRV studies evaluate the changes in different variables during recovery, immediately after exercise to evaluate how these values recover [11] . There is widespread agreement that, changes in HRV at low intensity exercise are related with intensity but not with duration [11] [12] [13] [14] , so that the immediate recovery of parasympathetic variables is conditioned principally by exercise intensity [5] . However, other authors report that exercise duration must be considered when investigating post-exercise HRV, even at low intensity [11] .
Furthermore, the prevailing idea in the literature is that the most useful approach is to explore different exercise intensities [12] [15] [16] and the time domain variables offer fewer discrepancies than frequency domain variables. In the time domain, RMSSD (Root Mean Square of the Successive Differences between adjacent RR intervals in ms) is the most used variable in sport due to the lower coefficient of variation compared with other indices [17] . In addition, it is known that RMSSD is lower than 5 ms at moderate intensity exercise [11] .
To our knowledge, most of previous studies did not adjust intensity and volume to obtain the same TL. Furthermore, no useful HRV post-exercise indexes can be easily applied for the control of TL, although two indexes have been previously reported [8] [18] .
Our hypothesis is that the way in which RMSSD recovers immediately after exercise could be a good indicator of ITL. So, the aim of this study is to design a recovery index based on RMSSD and to propose the way to use it in daily training.
Methods

Subjects
A total of 14 men (Sports Science students) took part in this study during 2 weeks, all of whom were healthy, non-smokers and physically active but not participating in any athletic sport (age 20.93 ± 1.38 years; weight 75.34 ± 10.07 kg; height 178.04 ± 5.83 cm; VO 2max 49.33 ± 3.93 ml•kg −1 •min −1 ). It was a convenience sample and highly homogeneous.
Following the general indications of the Task Force [3] , all the subjects were asked not to drink alcohol or caffeinated beverages, and to abstain from physical activity during the 24 hours prior to each test.
Each subject was given a medical questionnaire to ensure that they were not receiving treatments or suffering from cardiovascular or any other disorder that might alter the state of the autonomic nervous system. All the subjects were informed of the procedure that would be followed, and they gave their written consent to take part in the experiment. The Local Ethics Board approved the study, which followed all the principles expressed in the Declaration of Helsinki [19] .
Experimental design
The experiment lasted a total of 2 weeks, with 4 separate sessions with 48 -72 h intervals between each one, taking place at approximately the same time of day (10:00 ± 2 h) and maintaining stable environmental conditions (temperature and humidity).
At the first session, a background questionnaire was completed for each subject, and all the participants' height and weight measurements were taken. An incremental and maximal cardiopulmonary exercise test was performed on an ErgoRun Medical 8 treadmill (Daum Electronic; Fürth, Germany) following a steps protocol with an initial speed of 7 km/h for 3 minutes and increases of 1 km/h each minute until volitional exhaustion. A slope of 1% was fixed during the entire test. The test was carried out using a Breezesuite CPX ergospirometric equipment (Medical Graphics; St. Paul, Minnesota, USA) calibrated prior to each measurement. The ventilation data were obtained breath by breath using a differential pressure-based flow-meter, as well as the inspiratory and expiratory fractions of O 2 and CO 2 based on a galvanic cell and infrared analyser respectively.
For the purposes of this study, ventilatory thresholds (VT1 and VT2) were determined following the method proposed by Skinner and McLellan [20] , recording the speed corresponding to each threshold. Maximal oxygen uptake (VO 2max ) was determined if a plateau in VO 2 was reached. If not, the following two criteria were required: 1) respiratory exchange ratio (RER) higher than 1, 15 and heart rate (HR) higher than age-predicted maximum value (220-age) [21] .
Maximal Aerobic Speed (MAS) was assessed as the speed at which VO 2 plateau started.
At each session, training load was calculated as the product of intensity (speed) by volume (time) [17] . By expressing speed in km/h and time in hours, TL is expressed as the distance covered in kilometres.
At the second session, each subject ran constantly for 20 minutes at VT1
speed. Given the low intensity, no prior warm-up was needed. Health
At the third session, each subject ran constantly at VT2 speed. In order to ensure the same TL, the time was established in such a way that the product (intensity per duration) was the same as for VT1. In this way, the same distance was covered both in VT1 and VT2 test. This test was preceded by a 5 minutes warm-up at 60% of MAS.
At the fourth session, a time-to-exhaustion test was carried out for Maximal Aerobic Speed (MAS). Given that this speed was very high, it was achieved gradually over a 2 minutes period: 90 seconds at 70% of MAS followed by 30 seconds at 80% of MAS.
HRV Measures
At sessions 2, 3 and 4, a V800 Polar HR monitor was fitted onto the subjects, with an H10 Sensor thoracic band (Polar Inc., Kempele, Finland). HRV measurements were recorded from 8 minutes prior to the test until 30 minutes after the test was completed. All the pre and post exercise measurements were taken with the subject in a seated position and in a calm and quiet environment. The subject had to sit down immediately after finishing the test (with no active cool down) in order to measure their recovery.
The RR time series were downloaded using the Polar Flow Sync application (version 2.6.2) to be analyzed using Kubios HRV software (Version 2.1, University of Eastern Finland, Kuopio, Finland).
At each session, the last 5 minutes of the rest and exercise records were taken.
In the case of the 30-minute recovery period (rec), measurements were divided into 5-minute slots, starting at minute 10 (rec 10, rec 15, rec 20, rec 25, rec 30).
HRV was not quantified the first 5 minute of recovery because of the loss of time series stability derived from the sudden change between the end of the exercise and the start of recovery [22] . Each record was analyzed previously to detect the possible presence of artifacts and anomalous beats, applying the corresponding filters if required.
In order to develop a simple methodology easy to use in real assessments of athletes, analysis was conducted using one variable for parasympathetic stimulus. In accordance with the literature [3] , RMSSD was calculated in the time domain as the most widely used statistic when evaluating parasympathetic activity [17] [23] .
To propose a recovery index based on HRV, we calculated the recovery slope of the RMSDD values over the course of 30 minutes (slope-30). As in the daily training 30 minutes could be an excessive time, we also tested the 10 minutes RMSSD slope (slope-10).
Other Measurements of ITL
To compare the proposed index, the perceived effort was recorded using the Borg 1 -10 scale [24] (1 -2: very light; 3: light; 4 -5: moderate; 6 -7: hard; 8 -9: very hard; 10: extremely hard) and the Training Impulse (TRIMP) values were calculated using Banister equations [10] [25].
Statistical Analysis
Firstly, a descriptive study was carried out so that all the data are presented by their average values and standard deviations. The Kolmogorov-Smirnov test was used to verify the normality of the distributions. Then, the Levene Test was applied to verify equality of variances, and an ANOVA was applied using the Games-Howell procedure as the post-hoc test. The level of significance was set at p < 0.05, with a confidence level of 95%.
To analyze the relationships between the proposed slopes and other load variables, a Pearson correlation analysis was conducted. Specially, the graphical relationship between RMSSD slopes and intensities was explored.
For statistical analysis, the SPSS programme version 15.0 for Windows was used. Table 1 shows the data for intensity (speed), duration and TL, as well as the Table 2 shows the values for RMSSD measured at rest, in the last 5 minutes of exercise, and over the course of recovery. The values for p are given, comparing each datum with the value at rest and those for recovery following exercise. There were no significant differences in the baseline values for RMSSD between the tests. RMSSD at all minutes of recovery was significantly different to rest (P < 0.01) at the 3 intensities. Figure 1 shows that exercise RMSSD is the same at the three intensities explored and its evolution is significantly different from VT1 to the other two, but there was no difference between VT2 and MAS intensities. Table 3 shows the values for Slope-30 and Slope-10. 
Results
Characteristics of the Test
HRV Data
RMSSD Recovery Slopes
Discussion
The main contribution of this study is to provide a simple tool capable of evaluating internal training load based on the immediate recovery of RMSSD following any kind of exertion.
The rest RMSSD values were the same in the different sessions, corresponding to the 75 th percentile for the age [26] . The RMSSD values dropped substantially regardless of the intensity and the duration of exercise to an average value of 4 ms ( Figure 1) . However, once recovery has begun, we see a progressive increase in the values of the RMSSD, which is significantly faster at the intensity of VT1 than at either of the other two intensities. We agree with other authors [8] [12] who report that the recovery of the RMSSD is progressive and different depending on the intensity of exercise carried out. The main difference between the VT1 tests and the other is intensity, since TL is the same in VT2 and VT1 because the durations of both tests were adjusted according to the intensity. Other studies also find that, at lower intensities, the recovery of the RMSSD is much faster [12] [13] . The recovery of VT2 Health and MAS is much slower and with no significant differences, a finding also observed by other authors when carrying out tests at high intensities [15] [27].
Therefore, it would appear that the recovery rate of the parasympathetic system after an exercise load depends mainly on the intensity of the exercise, coinciding with Stanley [5] [11].
The RMSSD recovery slope increases as the intensity of effort decreases, and vice versa. Given that RMSSD recovered faster at lower intensities, if "n" subjects who carry out the same TL undergo the almost total loss of RMSSD regardless of the load carried out [11] , but they presented different recovery slopes in their parasympathetic system. We can assume that this recovery slope is an indicator of internal training load (ITL). In other words, the greater the recovery slope, the less the internal load.
We evaluated the slope for all 30 minutes of recovery (Slope-30) and also in Based on these observations we choose Slope-10 for a practical application
given that 30 minutes could be a too long period to ensure the cooperation of athletes. Table 3 shows the values of Slope-10 that might be expected for each of the intensities explored. Using these data, we generated a nomogram (Figure 2) based on the average and standard deviation values of Slope-10 for each intensity level, given that the VT1 of the subjects was situated at an average intensity of 64%, VT2 at an average intensity of 83%, and MAS was, by definition, 100%.
Three exponential curves were obtained, corresponding to the average values, the mean plus SD and the mean minus SD, defining three areas for the recovery slopes for each intensity level. This nomogram can be used as a reference in the assessment of other athletes. The Slope-10 was chosen to construct the nomogram because is an easier period of time to use in real training situations than the full 30 minutes.
Given that the slopes present an exponential behavior in relation with effort intensity, we see that at very high intensities, these exponentials approach asymptote, which is close to 0.1. For this reason, 0.1 is considered the minimum value of the slopes, so that for any value less than 0.1, this value would be assigned.
Practical Applications
The results of this study could be of application for monitoring individual recovery after different workloads (i.e. training sessions). Given that the RMSSD slope has very similar characteristics along the 30 minutes period, we recommend measuring RMSSD along any period of 5 minutes during the first 30 minutes recovery, excluding the first 5 minutes [22] . So, the calculation of the slope would be as follow: Slope = (RMSSD-rec. -RMSSD-exc.)/t
Were RMSSD-rec is the 5 minutes value during the first 30 minutes recovery, RMSSD-exc. is the value in the last 5 minutes of exercise and t is the time elapsed from the end of exercise to the end of the HRV record. If the RMSSD was not recorded during exercise, we can calculate the RMSSD recovery slope based on the average value of 4 ms.
The main limitation of this study could be the short sample but, although the number of subjects was not very high, it is very similar to the figure included in the majority of studies on HRV. In addition, in this study the same subjects underwent 3 different experimental situations, so the "real" population was 42 subjects.
